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Claim 

1. An ionization vapor deposition device in which both the ion 
source, with both anode and filaments, and the material to be 
coated with a film are placed; in which ions are generated 
between the above-mentioned anode and filaments by discharge; and 
in which the above-mentioned ions are transported to the material 
by an electric field for the purpose of vapor deposition; 
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characterized by placing several of the above-mentioned filaments 
and arranging the anode around the filaments. 

2. An ionization vapor deposition device described in Claim 1 
in which the above-mentioned several filaments are arranged in a 
straight line. 

Detailed Explanation of the Invention 

Industrial applications filed 

This invention is concerned with an ionization vapor- 
deposition device used to form the following films: surface 
protection films for electronic parts, abrasion-resistant 
protection films for moldings, and semiconductor thin films by 
vapor phase synthesis. 

Summary of the Invention 

This invention's ionization vapor-deposition device contains 
several filaments placed in the ion source and has an anode 
located around the filaments for the purpose of uniformly 
generating ions over a wide range to form a uniform thin film. 

Prior techniques 



Figure 6 is an example of an ionization vapor-deposition 
device used for the method of vapor synthesis. In the figure, 1A 
is a sealed container 1 that includes a vapor deposition chamber 



3 

2 A and has an exhaust exit 3 A in the bottom, which is connected 
to a vacuum pump for the purpose of vacuum exhaust. 

The ion source used for the ionization of the source gas 
used for film formation is placed in the bottom of the vapor- 
deposition chamber 2A. The following: anode 4A, 1 filament 
(cathode) 5A, permanent magnet 6, 1 opening 8A of gas supply pipe 
7A, are arranged. The gas supply pipe 7A protrudes through the 
bottom of the sealed container and the source gas is run through 
pipe 7A. A hole 15 for cooling water is made inside the above- 
mentioned anode 4 A for cooling both the anode and the permanent 
magnet, and cold water is circulated in the hole. 

A substrate holder 12A with a heater 11 is placed in the top 
of the above-mentioned vapor-deposition chamber 2A; the substrate 
10, which is the material to be coated with the film, is 
supported by the substrate holder 12A. A grid 13A is placed in 
front of the substrate 10; a shutter 14A is placed between the 
grid 13A and the above-mentioned ion source; the shutter 14A can 
be opened and closed. 

A filament voltage Vf (adjustable in the range of 0 to 20 
volts of alternating current voltage) is supplied to the above- 
mentioned filament 5A; a filament bias voltage Vd (adjustable in 
the range of 0 to 50 V of direct current voltage) , controlling 
the electric potential between the filament 5A and the anode 4A 
(ground) , is impressed between filament 5A and ground. A 
substrate bias voltage Vs (adjustable in the range of 0 to 1000 V 
of direct current voltage) is impressed between filament 5A and 
grid 13A located near the front of the substrate; a coil voltage 
Vc (adjustable in the range of 0 to 15 V of direct current 
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voltage) is supplied to the permanent magnet 6. A heating 
voltage Vh (adjustable in the range of 0 to 10 V of alternating 
current voltage) is supplied to the heater 11 located on the side 
of the above-mentioned substrate holder. 

The source gas (raw material for vapor deposition) is 
introduced through the gas supply pipe 7A between the anode 4A 
that experiences magnetic field B and electric field E and the 
cathode that is filament 5A (Figure 6) ; an arc discharge is 
generated between the anode and the filament, and the source gas 
is electrolytically disassociated. When the shutter 14A is open 
(the shutter is usually open) , ions of the substance to be vapor 
deposited move to the grid side, which is the same as the 
substrate side and which is impressed with a negative voltage to 
bias the ion source, strike the surface of substrate 10, adhere 
and are deposited. 

Problems to be solved by the invention 

Only one filament was used in the old example device of 
Figure 6 in order to maintain a stable arc discharge, one 
filament is usually used to form a film whose surface area is 
very small (diameter of about 10 mm) . The arc discharge was 
maintained under the following conditions: a given gas pressure 
used to form the film and influence the mean free path; a given 
length of filament, a given diameter of the filament, a given 
amount of thermal electron discharge due to the filament voltage, 
a given electric field and a given distance between the filament 
and the anode, given the magnetic flux density. Therefore, the 
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device of Figure 6 was disadvantageous when used to form a film 
whose surface area was large. 

The purpose of this invention is to provide an ionization 
vapor-deposition device that can be used to uniformly form a film 
whose surface area is large. 

Method to solve the problems 

In order to achieve the above-mentioned purpose, this 
invention is an ionization vapor-deposition device in which the 
ion source, the anode, filament, and the material to be coated 
with the film, e.g., substrate, part, or molding, are placed; 
ions are generated by creating a discharge between the above- 
mentioned anode and filament. The ions are transported to the 
sides of the material to be coated by the film in order to vapor- 
deposit the material; the above-mentioned (several) filaments are 
placed in the device and an anode is arranged around the 
filaments . 

Effect 

Several filaments are placed in the ion source of this 
invention's ionization vapor deposition device and the anode is 
arranged around the filaments; the distance between the filaments 
is adjusted to be uniform (the electric field is adjusted to be 
uniform) in order that the discharge be uniform over a large area 
and in order to uniformly generate ions of the vapor-deposited 
material over a large area. Therefore, vapor deposition can be 
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performed over a large area of the material to be coated with the 
film, e.g., substrates, parts, or tapes. 

Application examples 

In the following, application examples for the ionization 
vapor deposition device of this invention are described with 
figures. 

Figure 1 is an application example of an ionization vapor- 
deposition device for vapor phase synthesis. In the figure, 1 is 
a sealed container that includes a vapor deposition chamber 2 
inside; an exhaust exit 3 located at the bottom of the container 
is connected to a vacuum pump for the purpose of vacuum exhaust. 

The ion source ionizing the source gas used for film 
formation is located in the bottom of the vapor deposition 
chamber 2. The following: anode 4, several filaments (cathode) 
5, permanent magnet 15, several openings 8 of the gas supply pipe 
7, are arranged. The gas supply pipe 7 protrudes through the 
bottom of the sealed container and the. source gas is run through 
the pipe. The filaments 5 are used to run electric current, 
generate heat, and generate thermal electrons. The anode 4 has a 
positive potential relative to the filaments 5. The permanent 
magnet 15 is used for efficient ionization of the gas source. As 
seen in Figure 1, the magnetic field B is perpendicular to the 
electric field E between the anode and the filaments; this is so 
that the thermal electrons generated from the filament 5 are 
caught . 
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As shown in Figure 2 for the anode 4 , the several filaments 
5 and the permanent magnet 16, the several filaments 5 are 
parallel to the anode 4 (parallel alignment) and the several 
filaments 5 are arranged in a straight line; the anode is 
arranged around the several filaments 5 at a fixed distance 
(fixed discharge distance, fixed electric field distribution) . 
The permanent magnet 16 is arranged around the outside of the 
anode 4. The above-mentioned anode 4 has individual water- 
cooling holes 15, which are made to cool the anode and the 
permanent magnet internally, as seen in Figure 1; this results in 
cooled water inside the holes. 

As seen in Figure 3, a pair of thick conductive bars 20A and 
2 OB, e.g., copper bars, are arranged in a parallel manner. A 
conductive bar 21A supporting several filaments is joined to the 
conductive bar 20A. A conductive bar 21B, which forms a pair 
with conductive bar 21A and supports several filaments, is joined 
to conductive bar 2 OB. The individual filaments 5 are fixed 
between the conductive bars 21A and 2 IB, which means that they 
are electrically fixed so as to be parallel to bars 20A and 20B. 
To the right side of the above-mentioned anode 4, a cooled water 
supply pipe 22 connects to the water-cooling holes 15; to the 
left side of the anode 4 is located a cooled water drain pipe 23. 

As seen in Figure 1, the individual openings 8 of the gas 
supply pipe 7 are located in the center below the individual 
filaments 5; this results is an even supply of the source gas to 
the individual filaments 5. 

As seen in Figure 1, a substrate holder 12 containing a 
heater 11 is placed in the top of the above-mentioned vapor 
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deposition chamber 2; the substrate 10, which is the material to 
be coated with the film, is supported by the substrate holder 12. 
A grid 13 that attracts the ions by means of a negative bias 
voltage is placed in front of the substrate 10 (below) and a 
shutter 14 is placed between the grid 13 and the above-mentioned 
ion source; the shutter can be opened and closed. 

The filament voltage Vf (adjustable in the range of 0 to 
20 V of alternating current voltage) is impressed between the 
pair of conductive bars 2 OA and 2 OB, to which several filaments 5 
are joined so as to be parallel; the filament bias voltage Vd 
(adjustable in the range of 0 to 10 0 V of direct current 
voltage) , which determines the potential of the filaments 5 to 
the anode 4 (ground) , is impressed between the filaments 5 and 
the grounding. The substrate bias voltage Vs (adjustable in the 
range of 0 to 1000 V of alternating current voltage) is impressed 
between filaments 5 and grid 13 located near the front of the 
substrate. The heating voltage Vh (adjustable in the range of 0 
to 10 V of alternating current voltage) is impressed on the 
heater 11 located on the side of the above-mentioned substrate 
holder. 

The operation of the application example device is explained 
with the example case of forming a hard carbon film on the 
substrate 10 using tungsten filaments for the filaments 5. After 
adjusting the vapor deposition chamber 2 to 10* 6 torr or less by 
exhausting with a high vacuum exhaust system, the tungsten 
filaments were impressed with a voltage and the temperature was 
increased (to 2100°C or higher) to release the thermal electrons. 
Then CH^ gas, which was used for the source gas for the hard 
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carbon film, was separately introduced through the opening 8 of 
the gas supply pipe 7 so that the gas pressure was about 0.07 to 
0.10 torr. Then, a negative bias voltage was impressed on the 
filaments to make the filaments 5 cathodic, when an arc discharge 
was observed between the filaments 5 and the anode 4. A negative 
bias voltage (around 500 V) was impressed on the substrate 10, 
which was preheated to about 400°C, through grid 13. CH 4 + ions, 
generated in the ion source were attracted to make a carbon film 
deposition on the surface of the substrate (CH A struck the 
substrate and decomposed, resulting in the production of a C 
film) . A uniform carbon film (about 20 mm x 100 mm) having a 
Vickers hardness Hv = 5 000 (maximum 8 0 00) was formed. 

Figure 4 shows another application example of this 
invention. The same ion source as in the previous application 
example was used for this application example. However, the 
filaments 5 were vertically aligned on a paper surface, as shown 
in Figure 4. Instead of a substrate as the material to be coated 
with the film, a mechanism for running a magnetic tape 3 0 was 
placed at the top of the vapor deposition chamber 2. Therefore, 
the magnetic tape 3 0 coming out of a supply reel 31 was led to 
the deposition location, located above the grid 13-, by a guide 
roller 32, then wound with a winding roller 33. The same 
mechanism as in Figure 1, aside from the above-mentioned 
mechanism, was used, and the same bias voltage was impressed. 

CH 4 gas was also used in the same operation for the other 
application example of Figure 4; this resulted in continuous 
formation of a hard carbon film that was used for a surface 
protection film for the magnetic tape. 



10 

Figure 5 is another detailed example of an ion source that 
can be used for the application example. As for the arrangement 
of anode 4, several filaments 5, and a permanent magnet 16, the 
individual filaments 5 were surrounded by an anode 4 making an 
arc surface 17. The individual filaments 5 were arranged in a 
straight line; the filaments 5 were in the center of the arc 
surface of the anode 4 in order to permit even discharge. The 
distances between the individual filaments 5 and the arc surface 
of the anode 4 were uniform (fixed discharging distance, fixed 
electric field distribution) . The permanent magnet 16 was 
arranged outside of anode 4. 

Some materials to be coated with films located on the side 
of the substrate holder do not need to be heated, depending on 
the type of material. 

Effect of the invention 

Although the old film formation could be performed over 
small surface areas (diameters of about 10 mm) and for limited 
film applications, film formation using this invention's 
ionization vapor-deposition device can be performed uniformly 
over large surface areas because several filaments and an anode 
are arranged over a larger area; this results in uniform 
generation of ions over a large area. Film formation can be 
continued as long as needed by moving the materials to be coated 
with the film. 

This invention's device can be used to form surface 
protection films for electronic parts such as substrates, tapes 
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or hard disks, and to form abrasion-resistant protection films 
for moldings. Film formation can be performed over a large 
area . 

Brief explanation of the figures 

Figure 1 is a cross section of the invention's ionization 
vapor deposition device illustrating an application example. 
Figure 2 is a plane view showing the filaments, anode, and 
permanent magnet in the ion source used for an application 
example. Figure 3 is a plane view showing parallel arrangement 
of the filaments of the ion source. Figure 4 is a cross section 
showing another application example of this invention. Figure 5 
is a plane view showing another ion source that can be used for 
this invention. Figure 6 is a cross section of the old 
ionization vapor deposition device. 

1, 1A - sealed container, 2 , 2A - vapor deposition chamber, 
3, 3A - exhaust exit, 4, 4 A - anodes, 5 5A - filaments, 
7, 7 A - gas supply pipe, 8, 8A - openings, 10 - substrate, 
12, 12A - substrate holder, 13, 13A - grid, 16 - permanent 
magnet. 
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